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(54) ROLUNG SUPPOfTT DEVICE AND METHOD FOR MANUFACTURING THE SAME 



(57) A rolling support device excellent In botii of the 
characteristics of durability and corrosion resistance is 
provided. The Inner ring (1) and the outer ring (2) com- 
prises an austenltic stainless steel and has, on a race- 
way surface, acarburlzing hardened layer containing no 
substantial carbides at a Vlckers hardness (Hv) of 650 
or more. The caiburizlng hardened layer is formed by 
applying fluorlding and then applying carburlzlng at a 
temperature of 640*'C or lower. The roiling element (3) 
Is made of S^N^. 
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Deseription 
TECHNICAL FIELD 

5 [00011 The present Invention relates a rplling support device (for example, rolling bearing, ball screw and linear 
motion guide) and» more In particular, It relates to a rolling support device suitable to application uses requiring high 
corrosion resistance and application uses requiring high con'osion resistance and non-magnetic property. 

BACKGROUND APTT 

to 

[0002] Heretofore, as the material for raceway member (fixed member and moving member having a rolling raceway 
surface) for a rolling support device, SUJ2 has been used for bearing steel and steel materials con^espondlng to SCR420 
and SCM420 have been used for case hardening steels. Since the rolling support device is used generally under 
repetitive shearing stress at a high surface pressure, for ensuring rolling contact fatigue life endurable to the shearing 

t9 stress, hardness is adjusted to HRC 58 to 64 by applying quenching and tempering for case the bearing steel and 
applying quenching and tempering after carijurizing or cart^onltridlng for case hardening steels. 
[0003] However, the woricfng circunrtstances for the rolling support devices are versatile. For example, In a case of 
a rolling support device for machineries used under a corrosive circumstance such as liquid crystal or semiconductor 
production facilities or foodstuff machines, when a bearing steel is used as the material, It may sometmes suffer from 

20 rust In an early stage to reach the bearing life. Thus, stain less steels are often used as the material when such corosion 
resistance Is required. 

[0004] Stainless steels are generally classified Into austenlUc series, ferritlc series, austenlte-femte two phase series, 
martansltfc series and precipitation hardened series. In the rolling bearing, since the contact portion between a roHIng 
element and an outer ring or an Inner ring undergoes wear and large shearing stress, martensltic stainless steels 

2s having high hardness and excellent In wear resistance are used mainly. Among them, SUS 440C having the highest 
hardness has been used most frequently. However, the martensltic stainless steel represented by SUS 440C Is poor 
In the corrosion resistance compared with other stainless steels and is not always satisfactory. 
[0005] On the other hand, those stainless steels other than the martensltic steels such as austenltic or f enitlc steels 
are excellent In the corrosion resistance but have no sufficient hardness corresponding to the requirement in the roiling 

30 support device, so that no sufficient wear resistance and roiling life can be obtained. Particutarty, In a case of requiring 
the corrosion resistance, those applied with hard Cr plating or coating layer comprising a f iuorine-oontainlng material 
to the cart3Urized or cari^onitrided case hardening steel or those aj^plled with various kinds of other corrosion resistant 
layers than described above have been used. However, the deposited layer not In contiguous with the matrix phase 
Involves a problem that It lacks In the layer strength , tending to cause peeling and no sufficient durability can be obtained 

3s for the rolling support device. 

[0006] The present invention has been developed In order to solve the various problems that conflict to each other 
in the prior art and it is a first subject thereof to provide a rolling support device axoellent in both of the characteristics 
of the corrosion resistance and the durability. 

[0007] On the other hand. In the apparatus where magnetic fields cause a problem such as in productk>n facilities 

40 for liquid crystal or semiconductor devices, medical Inspection apparatus or linear motor cars, when a driving section 
Is fonned of a magnetic material, sunounding magnetic fields are disturbed upon driving to sometimes deteriorate the 
performance of the apparatus. Accordingly, In constituent components for the rolling support device used In such ap- 
paratus, those made of non-magnetic materials have to be used. Heretofore, constituent components made of beryllium 
- copper alloys or ceramics have been used. 

45 [0008] However, the beryllium - copper alloys tend to suffer from oxMatlon and since the oxides are toxic substance, 
use of the beryllium - copper alloys as the material for the constituent components in the rolling support device is not 
prefened with a view point of environmental problems. Further, those made of beryllium - copper alloys have a low 
hardness of about 40 as Rockwell C hardness (HRC), so that they have a problem also in view of durability. Further, 
when ceramics are used as the material forconstituant components in the rolling support device, they result in problems 

so of increasing the cost and providing difficulty in enlarging the size and reducing the thickness. 

[0009] Accordingly, precipitation hardening type austenltic non-magnetic steels such as Mn-Cr-V series or iyin-Cr-Ni- 
V series have been used In recent years. However, although such steels are somewhat excellent In the corrosion 
resistance over the martensltic stainless steels but still not yet sufficient. In addition, since the hardness Is about 45 
(HRC), such steels can not solve the problem of the durability when used as they are. 

95 [0010] The method of improving the surface hardness of the steels described above can include, at first, a method 
of fomnlng a hard ceramic coating on the surface by a PVD method or CVD method. In this method, since the ceramic 
layer Is fonned not in contiguous with the base metal, the layer may possibly be peeled from the base metal upon 
undergoing high contact stress. Accordingly, this method can not provide a sufficient durability as the constituent com- 
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ponents for the rolling support device. 

[0011] There can be mentioned a second nnethod of work hardening the surface by cold working. This nnethod In- 
volves a problem of giving magnetic property since fabrication Induced transfomiation fs caused to make the austenlte 
Into martensite. 

5 [0012] Therecan be mentioned, as athird method, a heat treatment such as carburizing orcarbonttrMing. However, 
the austenltk: non-magnetic steels are less carburlzed, different from general bearing steels. In addition, since Increase 
of the hardness utilizing the martensltic transfomiation can not be expected in the steels. It is necessary to harden the 
surface layer, for example, by precipitating a great amount of carbides or carbon Itrides. In this case, since Cr having 
high affinity with carbon Is prec^itated predominantly as carbides to possibly lower the non-magnetic property or the 

10 corrosion resistance. 

[0013] As described above, no constituent components for the rolling support device comprising a non-magnetic 
material and having sufficient durability and corrosion resistance have yet been obtained by the prior art method. A 
second subject of the present invention is to provide a rolling support device comprising constituent components which 
are non-magnetic and exceltent In the durability and the corrosion resistance. 



DISCLOSURE OF THE INVENTION 



[0014] The present Inventors have made a study as to whether the corrosion resistance and the durability can be 
improved outstandingly by using austenitic stainless steels of excellent corrosion resistance as the base metal and 
20 applying surface modification to the surf ace layer thereof by a heat treatment. It has been well-known that the austenitic 
stainless steels have a Cr oxide layer (passivation layer) on the surface and« accordingly, carburizing Is difficult and 
modiflcetion of the suriace layer by gas carburizing Is not easy. 

[0015] For example, ion nltriding or plasma carburizing is typical as the surface modification forthe stainless steels 
but since this utilizes electric discharging phenomenon, they lack in the mass productivity and has a difficulty in fonnlng 
25 a homogeneous treated layer to a product of a complicated shape. Therefore, while It Is prefen^ed to adopt the surface 
modification by utilizing gas reactton. since oxide layens (Cr oxide layer described above) that hinder the gas reaction 
are present In the austenitic stainless steels, no untfonn or homogeneous treated layer can be fonned by existent 
nltriding or carburizing. 

[0016] in view of the above, the present inventors have made a study on the possibility of the surface modification 
30 by the gas reaction t>y applying fluoriding as a pre-treatment to nltriding or carburizing in order to remove the Cr oxide 
layer. 

[0017] At first, It has been studied for the adoptability of "Nv nitrMing process (trade name of products of Daido 
Hokusan Co.)'* of conducting fluoriding treatnnentfor nltriding process. This treatment comprises, as the pre-treatment 
for nltriding. a process of applying fluoriding by using a fluoric gas such as NF3 (nKrogen trifluoride) at about 200 to 
35 AOC'C and a process of applying nltriding by an NHg gas. By the fluoriding, the Cr oxide layer inhibiting the nltriding 
reaction Is removed and an extremely thin fluoride layer is fomned on the surface layer to highly activate the surface 
and it is possible to stably fomn a homogeneous nitride layer by the subsequent nltriding. 

[0018] in the case of the austenitic stainless steels, a hardness at Hv 1 GOO or mo re can be obtained by transformation 
of the nitride layer from the austenlte to nitrogen compounds. While the slldablllty can be improved outstandingly by 

-tfo the treatment, the austenitic stainless steels per se have extremely low hardness. Accordingly, a large contact stress 
that the roiling support device undergoes can not be supported only by the nitride layer fomned on the surface (nitride 
layer comprising extremely thin and brittle connpound) and no sufficient durability can be obtained. In addltk>n. it also 
results in a problem that the co nosion resistance and the non-magnetic property of the base metal are also deteriorated. 
[0019] Then, it has also been studied on the possibility of using the carisurizing process, different from nltriding type 

^ process, for example, "Pyonlte process (trade name of products of Daldo Hokusan Co.)". This treatment is identical 
witii the Nv nltriding process described above in that f tuoridlng is applied at about 200 to 400*^0 by using a fluoric gas 
euch as NFg (nitrogen trifluoride). However, this Is different from the Nv nltriding process In that carisurlzing by a car- 
burizing gas is applied subsequently instead of the process of applying nltriding by the NH3 gas. That Is, the treatment 
comprises a process of conducting fluoriding by using a fluoric gas and a process of applying carisurizlng by using a 

50 carburizing gas. 

[0020] According to this meti^od, the Cr oxide layer Inhibiting the carburizing reaction is removed by the fluoriding 
and an extremely thin fluoride layer Is fonned on tiie surface layer. This can highly activate the surface and form a 
homogeneous cari^urlzing hardened layer stably by the subsequent carburizing. While the carisurlzing Is usually con- 
ducted at a high temperature of SOO^C or higher, carburizing In the Pyonlte process Is applied at a fcsw temperature of 
55 about SOO^'C. 

[0021 ] As described above, the present inventors have accomplished the Invention based on ttie finding that a rolling 
support device more excellent In the corrosion resistance and the durability can be provided by using an austenitic 
stainless steel and fabricating the same Into a desired shape, then removing a passivation layer comprising a Cr oxide 
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layer to activate the surface by fluorldlng and then forming a carburizing hardened layer containing no substantial 
carbides (n ttie surface layer. 

[0022] That Is, for solving the first subject, the present Invention provides a rolling support device comprising a fixed 
member and a moving member each having a rolling raceway surface, and rolling elements Interposed between the 

9 rolling raceway surface of the fixed member and the rolling raceway surface of the moving member In which movement 
of the moving member relative to the fixed menr4>er Is pemiltted by the rolling movement ot the rolling elements on the 
rolling raceway surface, wherein at least one of the fixed member, the moving member and the rolling elements com- 
prises an austenitic stainless steel, and the roiling raceway surface or the rolling element surface has a carburizing 
hardened layer containing no substantial carbides with a Vlci<ers hardness (Hv) of 650 or more. 

10 [0023] When carbides are formed due to diffused carbon upon forming the carburizing hardened layer on the surface 
of the component, the caitsldes worsen the corrosion resistance on the surface of the component. In order to avoid 
fomiation of the carbides, the diffused carbon Is solid solubllized into gaps of the austenitic crystal structure thereby 
fomnlng a carburizing hardened layer containing no substantial carbides. 

[0024] According to the roiling support device of the present Invention, since the carburizing hardened layer contain- 

19 ing no substantial carbides Is present on the raceway surface or the rolling contact surface, favorable connosion resist- 
ance can be obtained. 

[0025] In the roiling support device according to the present Invention, the thiclcness of the carburizing harelened 
layer is preferably 0.5% or more and 2.1 % or less of the diameter for the rolling element. 

[0026] in the rolling support device according to the present invention, the composition for the eujstenltic stainless 

20 steel preferably satisfies the following equation (1 ): 

(Cr) -I- 3.3(1^0) g 20.0 (1) 

25 Where (Cr) represents a chromium content (wt%) and (Mo) represents a nmlybdenum content (wt%}. 

[0027] In the roiling support device according to the present Invention, the content of sulfur (S) In the austenitic 
stainless steel Is preferably 0.030% by weight or less. 

[0028] The rolling support device according to the present Invention Is to be described In details. 
[0029] The carburizing hardened sintered layer Is preferably fornied at a treating temperature of 640*C or lower. 
30 That is, when the carburizing temperature is 600«*C or higher, carbon Is bonded with Cr in the steel to form Cr carbides 
and the Cr carbides are present In the carburizing hardened layer, so that the corrosion resistance is towered and 
dimensional change after the heat treatment is Increased. 

[0030] On the contrary, at a treating temperature of 540'*C or lower, carbon diffused by carburizing Is less bonded 
with Cr but merely diffuses by solid solution into gaps of austenitic face-centered cubic lattices. As a result, a surface 
35 hardened layer (carburizing hardened layer) of high toughness containing no substantial carbon can be obtained. 
Further, when the treating temperature Is S40'C or lower, the dimensional change is also decreased. 
[0031 ] In order to forni the carburizing hardened layer to a thickness of 0.5% or more of the diameter for the roiling 
element while restricting the treating time so as not to greatly increase the production cost, the treating temperature 
Is preferably 460"C or higher. 

40 [0032] In the present Invention, the carburizing hardened layer containing no substantial carbides is defined that the 
presence of carbides apparently fomned by carburlzed carbon can not be obsen/ed by an optical microscope (magni- 
fication: 400 to 600X). Accordingiy, a carburizing hardened layer containing carbides to such an extent as remaining 
extremely slightly afterthe solid solution treatment Is Included within the range of "^rburlzlng hardened layer containing 
no substantial carbides". 

^ [0033] Further, when the content of sulfur (S) In the austenitic stainless steel exceeds 6.030% by weight, the carbu- 
rizing is hindered, it also deleterious In view of the corrosion resistance. 

[0034] Further, use of the austenitic stainless steel of a composition satisfying the equation (1 ) above can Improve 
the corrosion resistance and the pit corrosion resistance. That Is, both of Cr and Mo ere elements effective to the 
improvement for the corrosion resistance of the steel and they are particularly effective when added in combination. 

so The effect for Inproving the pit corrosion resistance by the addition of Mo con-esponds to 3.3 times of Cr. 

[0035] Further, while It Is known that Cr and Mo are elements that Inhibit carburizing, they rather act as carburizing 
Improving elements when carburizing is applied at a temperature of 640*'C or lower. Accordingly, when the austenitic 
stainless steel satisfying the equation (1 ) is used, it tends to particularly improve the carburizing and Improve both the 
depth of the hardened layer and the surface hardness. 

55 [0036] On the other hand, in the rolling support component according to this Invention, SUS 316 containing Mo Is 
preferably used as the austenitic stainless steel. In the case of SUS 316, the upper limit for "(Cr) + 3.3(Mo)" Is Cr (1 9.0} 
^ 3.3 X Mo(2.75) « 28.1 (%}. In the case of SUS 31 7 containing Mo, the upper limit for "(Cr) + 3.3(Mor Is Cr(1 0.0) + 
3.3xMo(4.0)»33.2(%). 
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[0037] Accordingly, the composition for the austenlHc stainless steel used In the present Invention preferably satisfies 
"20.0 ^ (Cr) + 3.3 (Mo) ^ 33.2". 

[0038] In the rolling support member of the present invention, an austenttic stainless steel at (Mo) = 0 can also be 
used. 

5 [0039] Further, In the present Invention, the thickness of the carburlzlng hardened layer is preferably 0.5% or more 
of the diameter Da for the rolling element by the reason as described below. 

[0040] When the thickness of the carburizing hardened layer (depth from the surface) is 0.5% or less of Oa. the 
strength of the base metal Is Insufficient when undergoing high contact stress at the contact surface between the rolling 
element and the fixed member or the moving member. As a result, plastic deformation tends to occur and sufficient 
10 life can not sometimes be ensured. When the thickness of the carburizing hardened layer is 0.5% or more of Da, the 
durability is Improved outstandingly in addition to the wear resistance due to the effect such as increase of the surface 
strength and fabrication hardening for the core portion. 

[0041] For the range of the thtokness of the carburizing hardened layer, the upper limit is defined as 2.1% Da (2.1% 
of Da) and the lower limit Is defined as 0.5% Da (refer to Table 2 and Fig. 3), since it may sometimes be used under 

19 a lighter load than the bearing. When the thickness of the carisurlzing hardened layer exceeds 0.1 % Da, It Is necessary 
to eithertake a longer time for the carburizing or rising the carburizing temperature. However, k>nger treating time leads 
to Increased cost or elevation of the treating temperature results In lowering of the con-oston resistance. 

[0042] On the other hand, for solving the second subject, it is necessary In the roiling support component according 
to the present invention that at least the moving member compr^es an austenltic stainless steel with an Ni equivalent 

20 amount shown by the following equation (2) is 12.0 or more. The rolling support component of this constitution is 
refenred to as a second rolling support device according to the present Invention. 



where [M] represents the content (wt%) for the Ingredient M. 

[0043] When the moving member is formed of an austenitk: stainless steel with the Ni equivalent amount of less than 
SO 12.0, fabrication-induced martensitlc defomriatton may possibly be caused under the surface near the position for the 
maximum shearing stress by rolling contact fatigue, to possibly Introduce the magnetic property to the surface of the 
raceway component. 

[0044] The upper limit for the Ni equivedent amount has no particulariy restriction in view of the performance as the 
rolling support device but it Is properly set considering other points. The upper limit for the Ni equivalent amount is 
ss practically 20.0, for example, considering the use of easily available commercial austenltic stainless steels. Further, 
since Ni is an expensive element, it is preferred that the NI content is 1 7% by weight or less to render the NI equivalent 
amount within a range of the present Invention by Incorporating other elements. 

[0045] The austeniUc stainless steel may sometimes contain a slight amount of ferrite Ingredients In a state after 
being rolled. This state is not preferred and the incorporation of the ferritic ingredient may deteriorate the magnetic 
40 permeability or the ferritic ingredient may react with the carburizing gas upon carburizing and resultant carbides may 
deteriorate the corrosion resistance. Accordingly, It is prefen-ed to use an austenltic stainless steel subjected to solid 
solution. 

[0046] Further, when the surface hardness of the carburizing hardened layer is made 650 or more by VIckers hard- 
ness 0-iv} and the thickness Is made 0.5% or more of the diameter tor the rolling element, the wear resistance and the 
45 load resistance are nnade favorable to attain suffteient durability. 

[0047] The carburizing hardened layer containing no substantial carisides are f omned, for example, by the following 



[0048] At first, prior to carburizing or carbon Itriding, the Cr oxide layer (passivation layer) formed on the surface of 
the austenltic stainless steel is removed by fluorlding. The fluoriding is applied by heating the raceway component 
so formed from an austenltic stainless steel Into a predetemilned shape, for example, at 200to 400*^C In a nitrogen fluoride 
(NF3) atmosphere. This fluorides the Cr oxide layer present on the surface of the austenltic stainless steel and acthrates 
the same easy to be carburized or carit>onltrided. 

[0049] Then, carburizing orcarbonitriding is applied to the fiuorlded raceway component. Tlie carburizing or carbon- 
itriding is preferably applied at a temperature of SAtrc or lower. The reason Is as has been described above. 
55 [0050] The cartsurizlng Is applied, for example, by heating and keeping the material at 460 to 520°C in a gas mbcture 
atmosphere of RX gas and CO2 gas. Alternatively, It Is applied by heating and keeping the material In vacuum or at a 
reduced pressure of 1 33 Pa or less at a tenrperature of 460 to 520**C by using an unsaturated hydrocarbon gas such 
as acetylene or ethylene. 



Ni equivalent amount 



25 



= (Ni)+(Co)-i-0.5(Mn)-i^.3(Cu)-i.25(N)4-30(C) 



(2). 



method. 
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[00511 In the former carburlzlng method, since Iron Is oxidized to fonm an oxide layer comprising black Fe304. the 
appearance perfomiance and corrosion resistance may be sometimes deteriorated. Accordingly, R Is preferred to re- 
move the oxide layer by piciding after the carburlzlng. in the latter carburlzlng method, since such oxide layer is scarcely 
fomied, there Is no particular problem by merely applying soft blasting as the post treatment. Accordingly, the latter 

5 carburlzlng method Is adopted preferably. 

[0052] The restrictions described above are at least for the moving mennber and such restrictions are not applied to 
other constituant components (fixed member or rolling element), and bearing steels such as SUJ2 or martensltic stain- 
less steel may also be used as the material. Further, the rolling element is preferably made of ceramics such as silicon 
nitride, zirconia, alumina or silicon carbide. Since this can reduce friction and wear between the rolling element and 

10 the raceway component, the durability can be Improved further 

[0053] The present Invention also provides a roiling bearing and other roiling devices In which an outer member and 
an Inner member are moved relatively by way of roiling movement of a plurality of roiling elements inserted between 
them, wherein at least one of the outer member, the Inner member and the rolling element comprises an eustenitic 
stainless steel and has a carburlzlng hardened layer at Hv 650 or more formed on the surface thereof. 

15 [Q054] The rolling device refen^d to in the present invention Is a collective name for the devices In which an outer 
member and an Inner member are moved relatively by way of the rolling movement of a plurality of roiling elements 
Inserted between them, which speclflcaily Include, for example, ball bearings, as well as those devices such as bail 
screws and linear motion guide devices. In the specification, the outer member means the outer ring for the rolling 
bearing, the nut for bail screw and the bearing (slider) forthe linear motion guide device, while the inner member means 

20 the Inner ring for the rolling bearing, the screw shaft for the ball screw and the guide rail for the linear motion guiding 
device. 

BRIEF EXPLANATION OF THE DRAWINGS 
25 [0055] 

Fig. 1 Is a vertical cross sectional view Illustrating an embodiment of a rolling bearing according to the present 
Invention. 

Fig. 2 Is an X-ray diffraction chart for Inner rings in comparative examples and examples obtained from the result 
30 of the test for a first embodiment. 

Fig. 3 is a chart expressing the relation between the thickness of the surface treatment layer of a bearing ring and 
a bearing torque life obtained from the result of the test for the first embodiment. 

Fig. 4 Is a chart showing the relation between the Cr, Mo contents In the steel and the pit con^oslon potential 
obtained from the result of the test forthe flret embodiment. 
ss Fig. 5 Is a graph showing the relation between the ratio of the thbkness of the hardened layer for the Inner ring 

and the outer ring relative to the rolling element diameter (Da) and the torque life obtained from the result of the 
test for a second ennbodiment. 

Fig. 6 Is a graph showing the relation between the Nl equivalent amount In the steel used forthe inner ring and 
the outer ring and the degradation amount of the magnetic penneabillty by the torque life test obtained from the 
40 result of the test for the second embodiment. 

BEST MODE FOR PRACTICING THE INVENTION 

(First Embodiment) 

45 

[0056] The mode of practicing the rolling device according to the present Invention is to be described with reference 
to the drawings. 

[0057] Fig. 1 Is a cross sectional view of a roiling bearing as an embodiment of the present invention. The rolling 
bearing comprises a plurality of roiling elements (balls) 3, an inner ring (fixed member or a moving member) 1 situated 

so inward thereof and an outer ring (fixed member or a moving member) 2 situating outward thereof In which the rolling 
elements 3 are guided under rolling while being held between the Inner ring 1 and the outer ring 2. in this case, a rolling 
groove (rolling raceway surface) for guiding the roiling elements 3 Is fomied to the Inner ring 1 and the outer ring 2, 
and the rolling elements 3 are held in the roiling groove by a cage 4 In an equally distributed arrangement 
[0058] in all examples arid comparative examples of this embodiment, ball bearings 695 (JiS bearing number) were 

S5 assembled as the rolling bearing having the stnicture shown In Fig. 1 . and evaluation test for the quietness and various 
idnds of durability of the bearings was conducted. As the rolling elements to be assembled in the bearings of the 
examples and the comparative examples, rolling elements made of SUS 440C for Sf3N4 were used and a cage made 
of a f luoro resin was used for the cage. 
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[Q059] As the base metal material for constituting the Inner ring 1 as the Inner member, the outer ring 2 as the outer 
member and the rolling element 3, austenltic stainless steels are used. They can Include, specifically, SUS 304, SUS 
316 and SUS 31 7. Those steels put to heat treatment for solid solution are preferably used. 
[0060] Further, since austenltto stainless steels are generally poor In the machtnabillty, those containing freely cutting 
5 elements such as S. Se, Te and Pb are often used and, for example, ferrltic stainless steels can include SUS 440F 
and austenftic stainless steels can include SUS 303 and SUS 303Se. 

[0061] Among them, since S has an effect of hindering carburizing property and is also deleterious in view of the 
corrosion resistance, the content is restricted to 0.03% or less. Further, It Is preferred that the relation between the 
amount of Cr and the amount of Mo contained can satisfy Cr% + 3.3Mo% ^ 20.0 (%) since particularly high corrosion 

10 resistance and surface iiardness can be obtained. 

[0062] After fabricating the bianlc material Into a predetermined shape, a surface hardening Is applied finally to the 
surface layer. As the method of modifying the surface of the austenltic stainless steel In the present Invention, the 
Pyonlte process described previously can be suitably utilized for instance. The treatment conducted as a pretreatment 
for the caiturizing comprtses0 a process of conducting fluoriding at about 200 to 400*'C by using a Huorlc gas such 

f5 as NF3 and® a process of conducting carturlzing by a carburizing gas. By the f luorldlngCD , a Cr oxide layer Inhibiting 
the carburizing reaction Is removed to fomi an extremely thin fluoride layer on the surface layer to highly activate the 
surface. Accordingly, a stable homogeneous carburizing hardened layer can be formed by the carburizing© above. 
[0063] The temperature for the carburizing in this case is a low temperature of about SOO^'C. If the carburizing tem- 
perature Is 600' C or iiigher, carbon Is bonded with Cr in the steel to form Cr carbides, which lower the corrosion 

20 resistance and increase the dimensional change after the heat treatment, so that the treating tenrperature Is preferably 
540*'C or lower. At a temperature lower than 540''C, since carbon diffused by carburizing is less bonded with Cr but 
merely diffused by solid solution Into gaps of the face-centered cubic lattices of theaustenite and hardened, a surface 
hardened layer of high toughness with no substantial presence of carbides can be obtained with extremely small di- 
mensional change. Preferably, the surface hardness Is HRC 60 (Hv 697) or more and, further preferably, HRC 62 (Hv 

2S 746) or more. 

[0064] For the carburizing gas. a mixture of gases such as Co. CO2 and IH2 is used. After the treatment, oxidation 
of Fe with CO2 gas Is taken place on the uppennost surface layer to fomi a blade oxide layer comprising Fe304 to 
lower the corrosion resistance. Accordingly, It is pref erred to con duct a piciding treatment after the carburizing to remove 
the black oxide layer. There is no particular restriction on the processing solution used for the piclding treatment and 

30 hydrofluoric acid, nitric add, hydrochloric add, sulfuric acid or a liquid mixture thereof may be used. 

[0065] Further, the carburizing Is preferably conducted by using an unsaturated hydrocari^on gas such as acetylene 
or ethylene as the cari:>urizing gas in vacuum or at a reduced pressure of 133 Pa or less, since fonnatlon of the black 
oxide layer deleterious to the con^osion resistance can be suppressed, to prevent also uneven carburizing caused by 
sooting which particularly brings about a problem during carburizing. 

35 [0066] Further, the austenltic stainless steel as the base metal Is preferably applied with heat treatment for soltel 
solution. This Is applied so that ferrite remaining In the steel does not react with the carburizing gas to fomn carisldes 
during carburizing to datariorate the corrosion rssistanca. 

[0067] Further, since no sufficient durability can be obtained If the thickness of thecart3urlzlng hardened layer at the 
surface of the completed product is small, the carburlzed layer Is formed to a thickness of at least 0.5% or more of the 

40 rolling element diameter (Da). 

[0068] Since the rolling element is held by the Inner ring 1 and the outer ring 2 and, further, protected by grease or 
lubricant, it cause less problem in view of con^osion resistance. Accordingly, the rolling element may be made of mar- 
tensltlc stainless steel but It Is preferably made of ceramics since they are less coaguiatlve and can suppress wearing. 
[0069] Successh/ety, a durability test conducted on the rolling bearing of this embodiment Is to be explained. 

45 [0070] The dunablli^ was evaluated using bail bearings with a JiS bearing number of 608 both for the examples and 
the comparative exanples. Rolling elements made of SUS 440 and SI3N4 and a cage made of a fiuoro resin were 
assembled In the ball bearings. 

[0071] At first, inner rings and outer rings were fabricated each Into a desired shape by lathing using five kinds of 
materials (A-1 to A-6) described In Table 1 . 
so [0072] Subsequently, they were subjected to various heat treatments under the following conditions. 

Heat Treatment Condition A: 

[0073] After heating and keeping In a gas comprising nitrogen mixed with 1 0% nitrogen trifiuoride at 260 to 350«C 
ss for 20 to 30 min, they were heated and kept at 460 to 520'>C x 30 hr In a carburizing gas (mixed gas atmosphere of 
RX+CO2). 
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Heat Treatment Condftlon B: 

[0074] After heating and keeping in a gas compilslng nitrogen mixed witii 10% nitrogen trifiuoride at 260 to 350**C 
for 20 to 30 min, they were heated and kept at 460 to 620*0 x 30 hr under a reduced pressure of 39.9 Pa while mixing 
9 acetylene gas. 

Heat Treatment Condition C: 

[0075] After heating and keeping in a gas comprising nitrogen mixed with 10% nitrogen trifiuoride at 260 to 350^C 
for 20 to 30 min. they were heated and kept at 400 to 450*'C x 40 hr In a gas mixture of annmonia and nitrogen under 
a reduced pressure of 39.9 Pa. 

[QQ76] Further, for the heat treatment conditions A and B. they were immersed In a mixed solution of hydrofluoric 
acid and nitrk: acid for 5 to 20 min and then subjected to a soft blasting treatment. For the heat treatment conditton C. 
since remarkable leaching of the base metal was observed when the pickling treatment was applied, no particular after 
f<9 treatment was applied. 

[0077] Further, evaluation was conducted also for other comparative examples in a case of usual austenitic stainless 
steel and StJS 440C as martensWc stainless steels In which Inner/outer rings are not subjected to the surface hardening 

treatment. 

[0078] The evaluation was conducted by a torque life test, salt spray and pit corrosion potential measurenrtent. 

20 [0079] In the torque life test» a rotational test was conducted In vacuum at 1 .3 x 1 0°^ Pa, at a number of rotation of 
1 ,000 rpm and under an axial load of 19.6N and the Instance the torque reached twice the Initial totx^jue value was 
evaluated as the life. Further, in the salt spray test, a salt spray test according to JIS Z 2371 was conducted for the 
inner rings of the bearings and they were Indicated by 1® " for those not suffering from rust at all, "C/ for those with 
slight ru8t» 'A" for those in which apparent rust was recognized and "X" in which remarkable rust was ot)served sub- 

25 stantially over the entire surface. 

[0080] Further, test pieces each of 1 8 mm diameter x 5 mm length were cutout from the steel material used for the 
bearings and subjected to the same heat treatment, for which pit corrosion potential was measured In accordance with 
JIS Q 0577. 

[0081 ] The result of evaluation is shown in Table 2. 
30 [0082] The pit corrosion potential value In Table 2 Is shown by the ratio to the pit corrosion potential in SUS 304 
Comparative Example C-2 being assumed as 1 . That is, a greater value shows that the corrosion resistance is more 
excellent. 

[0083] The surface hardness In Table 2 is described by values obtained by slightly mirror finishing the end face of 
bearing rings and then measuring by a Vlckers hardness gage under 1 00 g of toad. Further, the treated layer depth Is 
35 described by values obtained by cutting bearing rlngs^ embedding them in a thermoplastic resin, applying etching with 
a marble reagent on the mirror face finished cross section and measuring the trsated layer thickness obsen/ed distinctly 

by a microsoopa. 

[0084] From the result shown in Table 2, it can be confirmed that the examples of the present Invention are excellent 
over the comparative examples In view of the torque life and the con^oslon resistance. On the contrary, C-1 - C-4 as 
40 the comparative examples show a case of using existent austenitic stainless steels. However, since the surTace hard- 
ness and the wear resistance are not InsufTicient, no sufficient durability can be otDtained. 

[0085] Further, Comparative Example C-5 is an example in which the material for the inner and outer rings are made 
of SUS 303 containing more S than In the present Invention. Since S hinders carburlzlng. It Is poor In view of the surface 
hardness and the treated layer depth than the present inventk>n and also poor in view of the durability than the present 
4S Invention. Further, Comparative Example C-6 Is an example In which SUS 304 as a not heat treated solid solution 
product Is carburized. Since ferrlte remaining in the steel is reacted with thecariourtzing gas and deposited as caitides, 
It Is poor In view of the corrosion resistance compared with the present invention. 

[0086] Fig. 2 shows the result of the X-ray dlffractometry of the inner rings for Comparative Example C-6 and Example 
B-6. While peaks for the ferrite and cariaides are observed respectively in Comparative Example C-6, peaks for the 
so carbides are scarcely observed in the example. 

[0087] Further, Comparative Examples C-7 and C-8 are examples in whteh the depth of the treated layer is less than 
0.5% of the rolling element diameter Da. The thickness of the treated layer for the stress volume Is small and the 
durability is poor compared with the present Invention. 

[0088] Further, Comparative Example C-9 Is an example of applying nitridlng. Since a hard and brittie compound 
ss layer is formed on the surface layer in a case of nitriding, the nitride layer is liable to be damaged when undergoing 
high contact stress If the core portion has no sufficient hardness, to result In poor durability compared with the example 
of the Invention. Further, It is infertor also In view of the corrosion resistance compared wttti the examples. Further, 
Comparative Example C-10 Is an example of an existent SUS 440C bearing. The durability is remaricably poor com- 



8 



EP1 193413A1 

pared with the example. 

[00891 Further. It Is more preferred, also In view of the railablltty. to conduct carburlzing In vacuum or at a reduced 
pressure by using an unsaturated hydrocarbon gas such as acetylene rather than the using an RX gas as the carburlzing 
gas since more stabilized surface quality can be obtained for the bearing ring and there Is no uneven carburlzing by 
9 sooting. Further, since formation of the black oxide layer on the surface layer can also be suppressed, the surface Is 
more clean after the subsequent pickling or blasting treatment. 

[0090] Fig. 3 shows a relation between the thfckness of the surface treated layer and the torque life of the inner/outer 
rings, it can be seen from Fig. 3 that satisfactory durability tends to be obtained when the thickness of the treated layer 
Is 0.5% or more of the roiling element diameter Da. Further, Fig. 4 shows a relation between the contents of Cr and 
f 0 Mo In the steel and the pit con'osion potential . it can be seen from Fig. 4 that partteuiarly favorable corrosion resistance 
can be obtained when the value for Cr -i- 3.3Mo% Is 20% or more. 

[0091 1 While the embodiment has been described above to a case where the rolling device is a rolling bearing, the 
present Invention is applicable In the same manner also to other rolling devices including bail screws or linear motion 
guide device. 

(Second Emt^diment) 

[0092] Bail bearings of a JiS bearing No. 608 was manufactured as described below. The ball bearing comprises, 
as shown in Rg. I.an inner ring (fixed member or moving member) 1. an outer ring (fixed member or moving member) 

20 2, balls (rolling elements) 3 and a cage 4. 

[0093] The inner ring and the outer ring are at first fabricated into a predetenuined shape from various kinds of iron 
and steel materials shown In the following Table 3 by cutting a blank material by lathing. As the Iron and steel materials, 
austenltic stainless steels (SUS 316, SUS 31 6L. SUS 316J1. SUS 317, SUS 317J1. SUS 303 and BUS 304) and 
Mn-Cr-NI-V series predpiladon hardening type austenltic non-magnetic steels ( r YHD SQJ manufactured by Hitachi 

25 Kinzoku Co.) which were subjected to solid solution were provided. 

[0094] Then, for the Inner ring and the outer ring comprising the austenltic stainless steel, grinding finishing was 
applied and then fluoridlng was applied under the following conditions. The fiuoriding conditions are at a temperature 
of 260 to SSO'^C, in an atmospheric gas as a gas mbrture of nitrogen (Ng) and nitrogen trtfluorlde (NF3) (NF3 10% 
contained), for a treating time of 20 to 30 mln. Then, the cartjurizing was applied under the following conditions. The 

30 cari3urizlng conditions were at a temperature of 460 to 620»C, in a carijurizing gas comprising acetylene gas, tor a 
treating time of 12 to 60 hours, at a surrounding pressure of a reduced pressure of 39.9 Pa. Then, surface finishing 
was applied by soft blasting. 

[0095] The Inner ring and the outer ring comprising ^ YHD 50J were subjected to an aging treatment at 680 to 720*»C 
for 4 to 5 hours and then applied with grinding finishing. 
35 [0096] For the Inner rings and the outer rings obtained by the method as described above, the surface hardness and 
the thickness of the carburized hardened layer were measured. For the surface hardness, the end face of the inner 
ring (one end face In the axial direction) was polished into a mirror face, and a Vickars hardness test was conducted 
to the mincer face at a load of 50 g. The thickness of die cartDurizIng hardened layer was measured by the following 
method. 

40 [0097] At first, the sample cut out from the Inner ring was mirror face polished while being buried In a resin to e)q)ose 
the cross section of the sample. Then, after etching the cross section with a martDle agent, the etched cross section 
was observed microscopically to measure the thickness for the portion appearing white. By dh^lding the measured 
value with the diameter of the roiling element, the ratio (%) for the thickness of the carburlzing hardened layer to the 
diameter of the rolling element was calculated. The results are also shown together In the following Table 3. 

^ [0098] Respective roiling bearings of Examples 1 to 6 and Comparative Examples 1 to 4 were assembled by using 
the Inner rings and the outer rings described above, the roiling eisment made of Si3N4 and a cage made of a tiuoro 
resin. For the Inner ring and the outer ring, those made of the Identical material and applied with the ldentk»l treatment 
were used In combination. 

[0099] For each of the rolling bearings manufactured as described above, torque life test, measurement for magnetic 

so pemneabiilty and corrosion resistance test were conducted in vacuum. 

[0100] The test conditions for the torque life test were at an axial load of 19.eN, a rotation speed of 1000 rpm, 
temperature of 25*C and vacuum degree of 1 .3 x 10-s Pa. The number of rotation at which the detected torque value 
was twice the Initial value was measured as "torque lite". However, In a case where the detected torque value did not 
reach twice the Initial value even when the number of rotation exceeded 10x10^ cycles, the rotation test was stopped 

^ and the rotational life was Judged as 10 x 1 0^ cycles or more. 

[0101 1 The magnetic permeability was measured before and after the torque life test by using a vibrating type mag- 
netlcgageto calculate the amount of degradation forthepemieabilRy by thetorque life test. Forthecorroslon resistance 
test, a salt spray test was conducted according to "JIS 2 2371" for one week. The result of the salt spray test was 
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evaluated as ry when rust did not occur at all, as "A" when slight rust was obsen/ed and as "X" In a case where rust 
was observed remarkably after the test. 

[0102] TTie result for the tests were also shown together in the following Table 3. Further, Fig. 5 shows "relation 
between the ratio of the thickness of the hardened layer to the rolDng element diameter (Da) and the torque life** and 
5 Fig. 6 shows "relation between the Nl equivalent amount of the steel used and the amount of degradation for the 
magnetic pemieablilty by the torque life test" obtained from the result each In the graph. 

[0103] As can be seen from Fig. 3. rolling bearings of Exampies 1 to 6 in which the inner ring and the outer ring 
satisfy all of the constituent factors In claim 2 of the present application were satisfactory In ail of the torque life, non- 
magnetic pemieabllfty and the corrosion resistance. That Is. the torque life was longer, the permeability before the test 
10 was email, the amount of degradation of the magnetic pemneabliity was small and the result of the sait spray test was 
"O*. On the contrary, rolling bearings of Comparative Examples 1 to 4 which did not satisfy one ormore of the constituent 
factors described above was not favorable In at least one of thetorquellfe.thenon-magnetb property and the corrosion 
resistance. 

[0104] In Comparative Example 1 , since the Ni equivalent amount was less than 12.0» the penneablltty before the 

19 test and the amount of degradation for the permeability were Increased relatively larger and It was poor In view of the 
non-magnetic property. Further, since the surface hardness was as small as Hv 602 and the ratio of the thicicness of 
the hardened layer to the rolling element diameter (Da) was also less than 0.5, It was poor also In the torque life and 
the coroslon resistance. 

[0105] In Comparative Example 2, since the Ni equivalent amount was less than 12.0, the pemieabilfty before the 

20 test and the amount of degradation for the permeability were Increased relatively larger and it was poor In view of the 
non-magnetic property. In Comparative Example 3» since the ratio of the thicicness of the hardened layer to the rolling 
element diameter (Da) was less than 0.5, It was poor In the torque life. Further in Comparative Example 4, since the 
surface hardness was as small as Hv 446, it was poor In the torque life and In the corrosion resistance. 

[0106] Further, it can be seen from the graph of Rg. 5 that when the ratio of the thickness of the hardened layer to 
ss the rolling element diameter (Da) is 0.5 or more, the torque life Is favorable. It can be seen from the graph of Fig. 6 
that when the NI equivalent amount of the steel used is 12.0 or more, the amount of degradation of the magnetic 
pemi^eabiilty by the torque life test Is decreased. That Is, when the Ni equivalent amount of the steel used for the Inner 
ring and the outer ring Is made 12.0 or mora, It can be seen that the non-magnetic property can be kept satisfactorily 
even undergoing rolling fatigue. 
30 [0107] From the foregoing results, the rolling bearing corresponding to the second roiling support device according 
to the present invention is non-magnetic and. in addition, it is exceiient in the durability and the corrosion resistance. 
[01 08] Further, while the explanation has been made In this embodiment to a bail bearing where the rolling elennent 
is a ball but the present Invention is also applicable to a cylindrical roller bearing In which the rolling element Is a 
cylindrical or a tapered roller bearing in which the roiling element is in a conbai shape, in a case where the rolling 
ss element Is cylindrical, the diameter for the cross sectional circle of the cylinder Is defined as the diameter for the roiling 
element Furthenmore, when the rolling element Is in the conbai shape, an average value between the maximum 
diameter and the minimum diameter is dsftnad as the diameter of the rolling element. 

[01 09] Further, while the rolling bearing has been explained as an example of a rolling support device In this embod- 
iment, the present Invention Is also applicable to other rolling support devices than the roiling bearing (for example, 
^0 ball screws or linear guide). 

[01 10] In the ball screw, the screw shaft Is a fixed member while the nut Is a moving member. In the linear guMe, 
one of the guide rail and the slider Is a fixed member and the other of them Is the moving member. 



Table 1 



Symbol 


Cr% 


Mo% 


S% 


Cr+3.3Mo% 


Remarks 


A-1 


17.94 




0.17 


17.94 


SUS 303 heat treated solid soiublllzed product 


A-2 


18.76 




0.026 


18.76 


SUS 304 not heat treated solid soiubilized product 


A-3 


16.67 




0.025 


18.87 


SUS 304 heat treated solid soiubilized product 


A-4 


16.67 


2.1 


0.024 


23.80 


SUS 316 heat treated solid soiubilized product 


A-5 


17.12 


2.6 


0.025 


25.70 


SUS 316 heat treiated solid soiubilized product 



S5 



10 



EP1 193 413 A1 



5 


e 

m 


1 o Vi> 


00 O *tO 
f-4 f4 


» «-i 

i-J *-5 r-3 


(TV 


lO 

d 


O 


o 

l-H 




\p 

odd 


d 


9 

d 
i 


10 




o@ 








< 


O 


© 




0 < < 


< 


X 


19 

^ 

20 




in 


V O < 

lo CO o ; 


9 o e 


o 


d 


d 


d 


d d 


w 00 r* 
m *4 d 






1 

J 

5 
i 


L 

111 
ill 


O rH 


V0 \0 ^ M 
r-l O fH r 


■4 n t-1 


r-l 


1 


1 


1 


■ 2 


u> ^ 
odd 


O 
*-» 


1 


CSJ 

i 

30 % 


S 

i| 


§e 


SUSS 


i OD flD 


i 


u> 

a 


S 




rM (XI 


§ s s 


s 




3S I 

i 




II 


< < «Ci 

111-^ 

III! 


: n n 

j|| 




1 






1 


< A PQ 

III 


1 


1 


40 


1 


SI 




SI 




S 








S S 3 






45 


























SO ^ 








"II 


1 


55 


s 


i 




i 1 i 


8 


H 

a* 


! 


1 : 
f , 


H CM 1 

ii: 


TP i/i vo 

Q Jb cb 

V (» V 4U 


CD 
Jb (b 

ft 


h 

1 


It. 








mil 


III 


go 

If 



11 



EP 1 193 413 A1 



10 



15 



30 



40 



45 



SO 



I 




12 



EP 1193 413 A1 

INDUSTRIAL APPLICABILmr 

[0111] As described above, the present invention provides a roiling support device excellent In both of the charac- 
teristics of the durability and the corrosion resistance, and a roiling support device of a non-n\agnetlc property and 
5 excellent In the durability and the oonosion resistance. 

Claims 

10 1 • A roiling support device comprising a fixed member and a moving member each having a rolling raceway surface, 
and rolling elements Interposed between the rolling raceway surface of the fixed member and the rolling raceway 
surface of the moving member In which movement of the moving member relative to the fixed member is permitted 
by the rolling movement of the rolling elements on the rolling raceway surface, wherein 

at least one of the fixed member^ the moving member and the roiling elements comprises an austenltic 

19 stainless steel, and the rolling raceway surface or the roiling element surface has a carburlzlng hardened layer 

containing no substantial caibides with a Viciceps hardness (Hv) of 650 or more. 

2. A rolling support device as defined in claim 1 , wherein the thickness of the carburlzlng hardened layer Is 0,5% or 
more and 2.1 % or less of the diameter for the rolling element. 

20 

3. A rolling support device as defined In claim 1 or 2. wherein the composition of the austenltic stainless steel satisfies 
the following equation (1): 

25 (Or) + 3.3{Mo) ^ 20.0 (1 ), 

where (Cr) represents the chromium content (wt%) and (Mo) represents the molybdenum content (wt%). 

4. A rolling support device as defined In any one of claims 1 to 3, wherein the austenltic stainless steel has a sulfur 
30 (S) content of 0.030% by weight or less. 

5. A rolling support device as defined In claim 1 or 2, wherein at (est the moving member comprises an austenltic 
stainless steel with an Nl equivalent amount represented by the following equation (2) of 12.0 or more: 

35 

Ni equivalent amount 
= (NO+(Co)+0.5(Mn)4^.3(Cu)+25(fN04-30(C) (2), 

40 where (M) represents the content for the Ingredient M (wt%). 

6. A rolling support device as defined in any one of daims 1 to 5, wherein the roiling element is made of ceramics. 

7. A method of manufacturing a rolling support device as defined in any one of claims 1 to 6, wherein 

45 the carburlzlng hardened layer is formed by applying fluo riding to amaterial comprising an austenltic stainless 

steel of heating in a fluoride gas at 200 to 400''C and then applying carfourizing at a temperature of 540'>C or lower. 

S. A manufacturing method as defined In claim 7, wherein the carburlzlng Is conducted at a reduced pressure by 
using an unsaturated hydrocarbon gas. 

50 
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FIG. 2 
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FIG. 3 
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